Human papillomavirus (HPV), the most common newly acquired, sexually transmitted infection worldwide, infects only in the United States 75% of sexually active individuals in their lifetimes (Koutsky 1997) . The high-risk HPV types, the most common of which are HPV 16 and 18, cause cervical and other anogenital cancers (Schiffman & Kjaer 2003) , as well as some head and neck cancers (D'Souza et al. 2007 ). The low-risk types, the most common of which are HPV 6 and 11, cause genital warts (Brown et al. 1999) , low-grade cervical dysplasias and recurrent respiratory papillomatosis, a rare but potentially fatal disease (Syrjanen 2005) .
Most of our understanding of HPV and carcinogenesis is derived from studies of women and cervical cancer. This literature has clearly demonstrated that HPV infection is the primary cause of cervical cancer and plays a central role in cervical carcinogenesis (Clifford et al. 2003) . Prospective studies conducted among women indicated that women with persistent oncogenic type HPV infections are at a significantly greater risk of developing cervical intraepithelial neoplasia (CIN) compared with women who are only transiently infected ). In addition, women who are persistently HPV positive are four times more likely to have a persistent lesion of the cervix. Median duration of oncogenic infections is approximately seven-nine months and is longer than infection with non-oncogenic HPV types. Infection with other sexually transmitted diseases influences progression to disease. Finally, recent data have suggested that HPV viral load is related to progression of HPV infection to CIN 2-3 and to persistence of these premalignant lesions (Wang & Hildesheim 2003) .
Different HPV types are related to different cervical lesion grades. HPV16, found in about half of cervical tumors examined, is strongly associated with CIN, carcinoma in situ and cervical cancer. This type is also highly associated with the precursor lesions, anal squamous intraepithelial lesions and anal cancer in men. HPV16 is associated with more than 50% of oropharyngeal cancers. Other HPV high-risk types are also linked to a series of tumors and its precursor lesions in humans ).
Prophylactic vaccines
New prophylactic HPV vaccines have the power to prevent many HPV infections, thus reducing the burden of HPV-associated diseases. Two vaccines have been developed, a quadrivalent vaccine that protects against HPV 16, 18, 6 and 11 and a bivalent vaccine that protects against HPV 16 and 18. Both vaccines are composed of HPV L1 proteins that have spontaneously self assembled into virus-like particles (VLPs). However, they have different manufacturers, valencies, adjuvants and are produced in different types of cells (Table I ). Both are administered by intramuscular injection, in three doses (0, 1 or 2 and 6 months). The types and levels of immune responses generated by both vaccines may vary and have not been thoroughly analyzed so far. Moreover, since different assays are used to measure the vaccine-induced antibody responses, no direct comparison can be made. Suffice to say that both vaccines have shown very high efficacy to prevent infection and disease caused by the types included in the vaccine, as described below.
Efficacy of prophylactic HPV vaccines -Since 1998, several clinical trials of two prophylactic HPV vaccines have being conducted in different countries including about 50,000 individuals. All of the trials were blinded, randomized and placebo controlled trials of young women (mean age 20). Other trials are still ongoing that include adult women and men. Participants were recruited at multiple sites in Europe, North America, South America, Asia and Australia. Prophylactic efficacy was measured considering HPV infection and disease endpoints, particularly CIN2 or worse (CIN2+) for the bivalent and quadrivalent vaccines, as well as vulvar intraepithelial neoplasia (VIN) or vaginal intraepithelial neoplasia and genital warts, for the quadrivalent vaccine only. The per-protocol populations included women who were naïve at baseline to HPV 16 and 18, or to HPV 6, 11, 16 and 18 , as determined by serology testing for presence of HPV type-specific antibodies or polymerase chain reaction (PCR) testing of genital samples for the presence of HPV DNA (Harper et al. 2004 , Villa et al. 2005 . For both the bivalent and quadrivalent vaccines, results of different trials allow for the examination of broad trends in efficacy in preventing HPV 6/11/16/18-related disease in several groups of patients categorized according to their HPV status at baseline. The quadrivalent vaccine was 100% effective in reducing the incidence of HPV 6/11/16/18-related disease in women who were serologically and DNA PCR negative at baseline to the relevant HPV type as well as in women who had been previously exposed to at least one vaccine HPV type at enrollment, but had no ongoing HPV infection (i.e., seropositive but HPV DNA negative by PCR) (Future II Study , Garland et al. 2007 ). However, there was no clear evidence of protection from disease cause by HPV types for subjects that were HPV DNA positive by PCR and/ or seropositive at baseline (Ault 2007 , Joura et al. 2007 ). Similar results were obtained for the bivalent vaccine (Harper et al. 2006) . In fact, vaccination of HPV16/18 DNA positive women does not enhance clearance of the viral infection (Hildesheim et al. 2007) . In a recent publication of a phase III trial, this bivalent vaccine showed 90% prophylactic efficacy against CIN2+ associated with HPV 16 or HPV 18 ). In a combined according to protocol analysis of women with evidence of current or past infection with one or more of the vaccine targeted HPV types, the quadrivalent vaccine was 100% effective at preventing CIN2+ or AIS associated with vaccine targeted types to which the vaccine had no evidence of prior exposure (Ault Future II & Study Group 2007) . Thus prior or prevalent infection by one type does not appear to influence the effectiveness of the vaccine against other types.
Results on protection against infection by non-vaccine HPV types have been published and reviewed in Ault (2008) . Cross-protection against incident infection with HPV types 45 and 31 has been observed for the bivalent vaccine (Harper et al. 2006) . Efficacy of this vaccine against persistent infection with 45 and 31 has also been reported ). However, there was no significant protection against types 33, 52 or 58. Data from the phase III trials of the quadrivalent vaccine reported at scientific conferences indicates a partial prophylactic efficacy against persistent infection caused by 10 non-vaccine HPVs, including those mentioned above. Importantly, significant but partial protection against incident CIN2/3 associated with non-vaccine types was also noted. Further studies to better understand the significance and durability of these responses are warranted. It is possible that the best and most efficient responses will be obtained with multivalent vaccines against a larger number of genital HPV infections which are presently under development.
Safety of prophylactic HPV vaccines -VLPs are noninfectious protein subunit vaccines and therefore might be expected to have safety profiles similar to other protein subunit vaccines such as tetanus or hepatitis B vaccines. Both vaccines were generally well tolerated and there were very few dropouts due to vaccine-related symptoms (Harper et al. 2004 , Villa et al. 2005 . The most common vaccine related adverse events were local transient mild to moderate pain and erythema at the site of injection. These reactions were significantly elevated compared to placebos with both vaccines. It is noteworthy that neither local nor systemic symptoms increased with each subsequent dose and symptoms were not more severe in women with evidence of prior exposure to one of the vaccine types (Garland et al. 2007 ). The proportion of women experiencing serious adverse events, whether deemed to be related to the vaccine or not, was much the same in VLP vaccines and controls. Although the women were encouraged to use reliable methods of birth control, pregnancies did occur in numerous women enrolled in the trials. Overall, there was no difference in pregnancy outcomes, such as proportions of live births, spontaneous abortions or congenital abnormalities, between VLP vaccines and controls for either vaccine (Future II Study .
Substantially more information on the performance of the vaccine in males, older women and immunosuppressed populations should become available in the next few years as clinical trials in these groups are completed. Immunogenicity and sustained protection of prophylactic HPV vaccines -Since the VLP vaccines were designed primarily to protect by inducing virion neutralizing antibodies, type specific antibody responses to the VLPs have been the primary focus of immunogenicity studies. Both vaccines were shown to be highly immunogenic in the clinical trials, resulting in essentially 100% seroconversion in the different populations studied. Peak geometric mean antibody titers (GMTs) were approximately 10-100-fold higher that the GMTs generated after natural infection (Harper et al. 2004 , Villa et al. 2006a , Garland et al. 2007 ). However, it is important to note that different assays were used to measure the antibody responses to the two vaccines. Therefore, quantitative comparisons of the antibody responses to the two vaccines cannot be made based on the published results. Titers for both vaccines generally peaked one month after the third dose (given at month 6), declined over the next year and then remained relatively stable for the duration of follow up. Boosting with Gardasil at year five was shown to induce a strong recall response, with titers for each type at least as high as the peak titer following the initial series of vaccinations (Olsson et al. 2007 ). Thus the vaccine induces the expected B cell memory response which is a property of vaccines with durable immune responses. Although the long term persistence of stable antibody levels is an encouraging finding, the antibody levels needed to prevent infection or disease are currently unknown.
Currently, the duration of protection provided by the HPV vaccines is not known. However, long-term followup studies have shown that efficacy is maintained for at least five years (Harper et al. 2006 , Villa et al. 2006b , Olsson et al. 2007 ) and modeling studies suggest protection may last much longer. The true duration of protection offered by a vaccine is almost never known until the vaccine has been in use for many years. It is not known what level of antibodies indicates an individual's ability to fend off HPV infection, but the available data do suggest that HPV vaccines would provide a lengthy period of protection, likely to usher a vaccinated individual through the years of highest infection risk and beyond. Additional studies are ongoing to verify these projections.
Because HPV infection is most common among young, sexually active individuals, the vaccine will be most effective if administered to individuals previous to onset of sexual activity. It was therefore critical to demonstrate the safety and immunogenicity of the HPV vaccines in younger individuals than those women in whom the vaccine efficacy has been demonstrated. In two immunogenicity bridging studies, the quadrivalent vaccine was shown to be safe and immunogenic in adolescent boys and girls (9-15 years old) (Block et al. 2006 , Reisinger et al. 2007 ). The antibody response to the vaccine was approximately two-fold higher in this age group than the responses in young women. Similar profiles of safety and immunogenicity in adolescent girls and young women were described for the bivalent vaccine (Pedersen et al. 2007 ).
HPV vaccines introduction and implementation -
Based on its demonstrated clinical efficacy and favorable safety profile, HPV prophylactic vaccines are being introduced in many countries around the world. In several developing countries, including among other Brazil, Chile, Mexico and Peru, the Quadrivalent HPV 6, 11, 16, 18 vaccine is in use for more than one year. The rapid approval and launch of such vaccines are a clear indication that governments and policy makers are aware of the expected impact on the prevention of one of the most common causes of female mortality worldwide. However, incorporation of HPV vaccination in the public health sector is still to be seen in the developing world, mostly due to vaccine cost. HPV vaccine implementation will also depend on local infrastructure for vaccine delivery to the initial target population during the window of highest vaccine efficacy, i.e., prior to sexual exposure. Furthermore, introducing HPV vaccines in the present cervical cancer control system is hampered by the fact that secondary screening with Pap tests (or HPV DNA testing) will still be required to detect cervical cancers and pre-cancers caused by non-vaccine HPV types. Ongoing cost-benefit studies and negotiations between governments, the private sector, and non-governmental organizations, may enable some of the developing countries, where the vaccine is most needed, to implement the necessary programs. Education of physicians, policy makers, parents and adolescents will be crucial for delivering HPV vaccines which ultimately will result in the reduction of cervical cancer rates and other HPV-related diseases worldwide. Vaccine acceptance is largely determined by health beliefs, such as the individual's perceived susceptibility to the disease, vaccine characteristics, such as cost and efficacy, and obstacles to obtaining the vaccine. Health perceptions are expected to play a major role in the acceptance of HPV vaccine, as is the fact that the vaccine raises the morally and politically charged issue of adolescent sexual behavior. Physician attitudes are extremely influential to both parents and adolescents and perception that the physician regards the HPV vaccine as important and recommended will be a critical step towards vaccine acceptance. Altogether, education of physicians, parents and adolescents will be crucial for delivering HPV vaccines to target populations during the window of highest vaccine efficacy, prior to sexual debut.
Despite these excellent efficacy results, it may take some time before these vaccines are administered to the general population worldwide. Moreover, women will still be at risk for developing cancers caused by other HPV types not included in the vaccine and hence screening and monitoring strategies will be required. Finally, since at present the durability of these vaccines have been evaluated only for up to five years for the quadrivalent vaccine (Villa et al. 2006b ) and 6.5 years for the bivalent vaccine (Harper et al. 2006 , Schwarz & Leo 2008 , monitoring of antibody levels and high grade disease caused by the vaccine HPV types in sentinel groups of immunized individuals will be required over the next decades (Lehtinen et al. 2006) . It is important to stress that disease outcomes should be recorded since at pres-ent there is no immune correlate and the importance of serum antibody levels is simply not known. To achieve this, standardized methodologies that measure total serum antibody, neutralizing antibody and type specific antibody concentrations will be necessary. However, at present neither HPV serological assays nor HPV DNA tests can be used as clinically relevant tools for individual patients. These assays will require the establishment of an international standard(s) with an arbitrarily assigned unit measure or international units (Ferguson et al. 2006 , WHO 2008 .
The availability of two prophylactic HPV vaccines will require thorough considerations about monitoring and surveillance of those vaccinated and the general population, respectively (Stanley & Villa 2008) . Vaccinated populations should be followed-up for long-term safety, sustained immune responses and vaccine disease efficacy (Dillner et al. 2007) . Effective monitoring will benefit from linkage of vaccination history and screening history, as well as precise measurement of HPV infection, both DNA and serological testing.
Therapeutic HPV vaccines
The success of the prophylactic vaccines against HPV is clear. However, these vaccines are not and will not be available in the short run, as public immunization program, to the population of developing countries due to economic restrictions and other issues. Moreover, these vaccines show no therapeutic effects regarding the virus infection and the associated lesions, which affect hundreds of millions of individuals worldwide. The time frame between infection and tumor development is long, one to two decades, so that for women already infected, the prophylactic vaccine will be not useful. In addition, while prophylaxis is achieved by developing a potent immune response against the viral capsid protein (L1), a cellular response against the early proteins E6 and E7 is required to eliminate already infected cells. For the reasons stated, research leading to the establishment of a therapeutic vaccine against high risk HPV, mainly 16 and 18, the most prevalent in cervical cancer bearing patients, is very important.
A great and obvious advantage in tumors associated to HPV, when we think of therapeutic vaccines, is that the target antigens are not self, they are viral proteins, and their expression is absolutely necessary for the transformed phenotype of the tumor cells. E6 and E7 HPV proteins are expressed in all tumor cells and inhibition of their expression leads the cells to senescence (AlvarezSalas & DiPaolo 2007) . Therefore, chances of escape mechanism by antigen loss are very low when considering HPV associated tumors. Moreover, no cells, except the tumor cells, would be affected by the therapy.
The main challenge for the efficacy of therapeutic vaccines is to overcome tolerance. Mechanisms of immune evasion are present from the productive infection to the tumors. During productive infection, viral protein expression is very low, due the promoter regions, which a relatively weak one and rare codon usage by the viral genome (Phelps & Howley 1987 , Müller 2005 . Low protein expression, together with low expression of the antigen presenting machinery, like TAP, Tapasin, LMP2 and LMP7 limit proteolyses by the proteasome system and antigen presentation by MHC-I complex (Ritz et al. 2001) . Another important mechanism of evasion is the virus cycle itself, which is intimately linked to the keratinocyte differentiation program, in such a way that early low protein expression and DNA replication takes place in cells exposed to the antigen presenting cells. Capsid proteins and virion assembly take place in the cells close to the end of the differentiation program and far from immune cells (Frattini et al. 1997) . Moreover the viral life cycle does not cause cytolysis; instead new virions are eliminated with naturally dead cells, in a process without of inflammation. HPV proteins also inhibit antivirus cell responses by decreasing TLR9 gene transcription (Hasan et al. 2007 ), recruiting Histone Deacetylase complex to IRF-1 bound to its target promoters (Park et al. 2000) by inhibiting IRF-3 (Ronco et al. 1998) .
All these mechanisms are, obviously, counteracted by the host immune responses, and it is important to remember that most infections and low grade lesions are cleared spontaneously by the host immune system (Schlecht et al. 2003) . Specifically, two conditions must be met for tumor development: persistent infection and integration of viral DNA into the host genome. Persistent infection, most always asymptomatic, often implicates tolerance, which may be achieved by the mechanisms described before, or by selection as response to the antivirus innate response.
HPV associated lesions also display mechanisms of immune evasion, which are not as well understood as the mechanisms generated by infection in the host cell (Stanley et al. 2007) . Tumor cells express different cytokines that recruit and induce differentiation of leukocytes into suppressor cells. Indeed in patients, it was observed that higher macrophage numbers correlate with higher grade cervical lesions (Hammes et al. 2007 , Mazibrada et al. 2008 . The chemokine receptor CCR2 has been shown to be responsible for the recruitment of macrophages to lesions in CCR2-deficient K14-HPV/E(2) mice (Pahler et al. 2008) . CD4 regulatory T cells were found in women with cancer, while asymptomatic women with HPV DNA displayed a CD4Th1 response against HVP antigens. Lymphocytes from asymptomatic women secreted IFNγ, TNF, IL-2, IL-5 and IL-10 in response to HPV antigens. On the other hand, lymphocytes from women with tumors had very weak responses and secreted only IL-10 in response to the same antigens (de Jong et al. 2004) . TGFβ is secreted in the tumor environment, although there is no consensus about expression levels in the literature (Kirma et al. 2007 , Diaz-Chavez et al. 2008 . Together with IL-10, this cytokine is an inducer of regulatory phenotype on T cells (Niederkorn 2008 , Poggi & Zocchi 2008 , Wan & Flavell 2008 ).
An ideal anti-cancer therapeutic vaccine should be able to elicit cytotoxic anti-tumor specific responses, tumor infiltration by effectors cells and tumor volume reduction or elimination. Several strategies have been used to achieve these objectives with different degrees of success. Use of adjuvants and immunostimulators with the antigens is an important tool, as well as the form of antigen presentation. Up to date, use of fusion proteins, long peptides and dendritic cells based vaccines have been trialed. In general, vaccines have been developed against HPV16, once this is the most prevalent type of HPV in tumors, accounting for more than 50% of the cases worldwide (de Vuyst et al. 2008) . Ongoing and previous therapeutic vaccine clinical trials against HPVassociated lesions in humans are listed in Table II .
Peptide and protein based HPV vaccines -Overlapping long peptides spanning the entire HPV16 E6 and E7 protein sequences vaccine together with Montanide ISA-51, an adjuvant similar to a non complete Freund's adjuvant, have been tested for safety and efficacy in women with lower genital tract carcinomas (Kenter et al. 2008) , as well as in women who underwent radical hysterectomy because of confirmed HPV16 caused cervical carcinoma (Welters et al. 2008 ). This study was motivated by tests in mice, where short E7 peptide E7 49-57 (9 amino acid residues) and long E7 peptide E7 (35 residues) were compared with and without the use of different adjuvants (Zwaveling et al. 2002) . In mice, the long peptide was more efficacious than the short for generation of immune responses and protection against tumor growth, generating both CD4 Th1 and CD8 anti-E7 responses (Zwaveling et al. 2002) . The long peptides are probably more efficiently internalized and processed by antigen presenting cells than short peptides; therefore better immune responses are generated against the long ones. In these trials, 22 mer (Kenter et al. 2008) or 25-35 mer (Welters et al. 2008 ) overlapping peptides spanning the complete sequence of HPV16 E6 and E7 proteins were used for immunization. In both cases, immunization induced IFNγ production by T cells in response to both E6 and E7 peptides. In one of the trials, researchers also observed IL-5 secretion in response to some of the peptides (Welters et al. 2008) . In this case specifically, six women were enrolled and three of them remained free of disease during the follow-up, while two had recurrence and one was lost during follow-up. This work also showed that while the vaccine induced specific effector CD4 T cell responses, it boosted CD4 regulatory pre-existing T cells (Welters et al. 2008) . Overall these vaccines were well tolerated, never causing reactions stronger than swelling of the injection area, redness and local pain.
Fusion proteins have been used in a number of studies of immunization against HPV and its associated lesions. Bacterium heat shock proteins (hsp) elicit strong immune responses in mammals simultaneously activating innate and adaptative responses by leading antigen presenting cells to full maturation, migration to lymph nodes, expression of co-stimulatory molecules and secretion of pro-inflammatory cytokines (Harmala et al. 2002 , Srivastava 2002 . Fusion of E7 and hsp has been used in four trials. The fusion of HVP16 E7 proteins with Mycobacterium bovis BCG hsp65 was previously tested in the TC-1 tumor mouse model, with 100% efficacy in mice inoculated with tumor cells (Chu et al. 2000) . Based on these results, phase I and II clinical trials have been conducted in women with biopsy-proven high-grade cervical intraepithelial neoplasia and persistent post-biopsy lesions (Roman et al. 2007) , in women diagnosed with CIN 3 (Einstein et al. 2007 ) and in HIV positive men and women with high grade anal intraepithelial neoplasia (Palefsky et al. 2006 ). In these trials, an average of 50% of the patients treated had stabilization of the disease after vaccination; complete response was achieved in an average of 25% of the patients, about 20% of the patients had partial responses and 1-2% of the treated patients presented progression of disease. Although these are promising results, not all treated patients were positive for HPV16, which means part of the responses obtained are not specific towards HPV16, but may be due to the immune stimulatory effects of the heat shock protein itself. Further studies on this vaccine will be necessary.
Another type of fusion used is the fusion between an early HPV protein, mainly E7, but in some cases E6 and a capsid protein, usually L1. The L1/E7 chimeras are composed by the carboxy-terminally truncated L1 protein fused to as many as 60 amino acids from the HPV16 E7 protein. This chimera forms virus-like particles that enter the cell and are found in the cytoplasm and endoplasmic reticulum, suggesting that they can enter the MHC-I antigen presentation pathway (Schiller & Roden 1995 , Zhou et al. 1995 , Müller et al. 1997 . In vitro, these chimeras induce IFNγ expression on T cells, as well as cytotoxic responses (Kaufmann et al. 2001) . A clinical trial was conducted in women positive only for HPV16 with diagnosed CIN2/3. The vaccine was well tolerated with mild and few adverse effects. However, the immune responses obtained were mostly antibodies against L1. The lesion regression observed in the vaccinated group of this study was no different than that observed in the placebo treated women, which led the authors to the conclusion that this vaccine was not efficacious for treating women with HPV associated lesions. Further studies are warranted.
Chimeras were also used in trials in combination with AS02A as adjuvant, in these cases a chimera of HPV6 L2-E7 were used to vaccinate patients with anogenital warts (Vandepapeliere et al. 2005) . In this trial no differences were observed between the vaccinated and placebo groups. Wart regression in both groups was spontaneous and not related to the vaccine. In a still different approach, a fusion of HPV16 E6/E7 proteins were administrated to women with CIN1, 2 or 3, as well as healthy subjects, using ISCOMATRIX™ as adjuvant. ISCOMATRIX™ is composed of a purified fraction of saponin, cholesterol and a phospholipid and has been used in trials for immunization with other antigens, for instance HCV (Lin et al. 2008) . Regarding HPV infection, a phase I trial was performed to observe safety and immunogenicity of the vaccine (Frazer et al. 2004) . Most vaccinated women responded to the vaccine, although 71% displaying CD4 and 41% displaying CD8 responses. Further studies will be necessary to show if these responses are able to cause clinical regression of lesions.
Viral vector based HPV vaccine -Modified or recombinant
Vaccinia virus has been used as strategy for immunization in several models. Attenuated or recombinant Vaccinia vectors are an efficient way to deliver and express recombinant genes into the host cells for immunization (Sutter & Moss 1992) . A withdraw of this system shared by other biological vectors is that the immune responses against the vector may compete with immune responses against the target antigen. Moreover, if more than one immunization is necessary, there is a high chance that the host will neutralize the vector before it has the chance to deliver the target gene(s) to an antigen presenting cell. A trial using recombinant Vaccinia virus encoding HPV16 and HPV18 E6 and E7 genes for immunization of women with cervical carcinoma stage Ib or IIa is ongoing (NCT00002916; NIH 2009d) .
DNA based HPV vaccine -Plasmid DNA encoding HPV16 and HPV18 E6 and E7 fragments encapsulated in small biodegradable particles has been used for immunization of women with CIN2/3 lesions. This is an ongoing trial, which is enrolling young women (13-25 years old) with abnormal Pap smear, colposcopically visible lesion suspected to he high-grade, or have CIN2/3 consensus pathology diagnosis (NCT00264732; NIH 2009a).
Dendritic cell based HPV vaccine -Dendritic cells are the most efficient or so called professional antigen presenting cells. When properly activated, these cells are able to induce strong effector T cell responses and memory. This concept has been exploited to develop vaccines against different human malignancies (Melief 2008) . In patients with advanced cervical cancer (recurrent disease or with metastases), treatment with autologous immature dendritic cells pulsed with the HPV16 E712-20 peptide induced IFNγ secretion and specific cytotoxic responses in peripheral blood mononuclear cells in six of the 15 patients. Patients with positive immune responses had 2.3 (8.6-20.3 months) longer survival rate than the placebo treated group, as well as showing longer progression free survival periods (1.8 fold, 3.5-6.5 months) (Achtar et al. 2005) . In this study, two women suffered grade III adverse effects, anemia and thrombocytopenia, which was considered an effect of the disease instead of the immunization protocol. Efficacy of autologous dendritic cells loaded with HPV16 E7 peptides injected in the inguinal lymph nodes of patients with advanced cervical cancer is under study (NCT00155766; NIH 2009b).
Experimental HPV vaccines -animal models -Besides the therapeutic vaccine modalities in trial in humans, several others are being developed and tested pre-clinically in mice. DNA vaccines have been tested with different strategies to enhance immune responses against HPV antigens. DNA is potentially an excellent form of antigen delivery once it promotes antigen synthesis inside the antigen presenting cells favoring the antigen presentation by MHC-I pathway. However naked DNA is very poorly immunogenic and strategies for adjuvancy must be considered in these cases. Usually plasmids used for immunizations against HPV carry E7 or E6/E7 gene portions. A fragment coding the PADRE (pan-DR epitope) peptide has been used to enhance CD4 responses to the antigen, in some cases together with other adjuvants like CpG (Kim et al. 2008) . In plasmids it is also possible to construct fusions, like hsp and E7, as mentioned before, which enhances the antigen presenta-tion by MHC-I (Chen et al. 2000) ; or fusion with lysosomal associated membrane protein type-1 (LAMP-1), which targets the antigen to endosomal and lysosomal compartments facilitating MHC-II presentation and T helper responses (Wu et al. 1995) . Many other DNA vaccination strategies and described mechanisms could be mentioned here. The main message however is that although these vaccines are 100% protective against tumor models in animals, most of these strategies have not been tested and may not work in humans.
Protocols of animal immunization with peptides include, besides the models tested before that resulted in clinical trials in humans, use of adjuvants like Montanide and CpG (TLR9 ligand) or combination of both resulting in robust protective immune response in mice (Hirunpetcharat et al. 2003 , Kumar et al. 2004 ). VacciMax together with PADRE and E7 peptide induce robust immune responses and protection in mouse tumor model (Daftarian et al. 2006 ).
Viral and bacterial vectors have also been tested in mouse models. Vaccinia recombinant vaccines encoding E7 in fusion with calreticulin, a protein with ability to amplify tumor-specific T cell-mediated immune responses, induced IFNγ secretion by CD8 cells and robust protection against tumors in mice, even when compared to other vector and not only the immunization controls (Hsieh et al. 2004) . Another model in test is modified the Listeria monogenesis, a facultative intracellular bacteria taken up primarily by antigen-presenting cells such as macrophages and dendritic cells and target the lysosomes, therefore exposing antigens to be presented by MHC-II. Listeria developed for immunization against HPV expresses E7 fused either a truncated form of listeriolysin O (LM-LLO-E7), or fused to a fragment of the ActA protein (LM-ActA-E7), both of which have a PEST domain within their sequences, promoting rapid degradation of these proteins in the citosol, facilitating antigen presentation through MHC-I. Indeed, in mice, this type of immunization causes regression of HPV16-positive solid tumors (Gunn et al. 2001 , Sewell et al. 2004 , Hussain & Paterson 2005 .
Prophylactic HPV vaccines are successful and have the potential to greatly reduce cervical cancer and other HPV associated diseases in the future, mainly once it is adopted as public immunization program by most countries. On the other hand, much effort has been put on the development and establishment of therapeutic vaccines against HPV chronic infections and diseases. Although responses are still modest in humans, many of the examples given in this review have the potential to develop into robust vaccines. In the mean time, a continuous educational of physicians, policy makers, parents and adolescents will be crucial for delivering HPV vaccines which ultimately will result in the reduction of cervical cancer rates and other HPV-related diseases worldwide. Both primary and secondary screening for women either based on Pap or molecular tests, must be available. Ongoing studies on the natural history of HPV infections in men and prophylactic HPV vaccine efficacy should contribute to the design of prevention strategies of this most common infection in this gender as well. Altogether, with the knowledge accumulated about HPV carcinogenesis, it is reasonable that therapeutic HPV vaccines should soon be in the course of action to reduce the significant burden of disease caused by HPV worldwide.
Lack of record linkage in many settings is one of the main obstacles for an effective surveillance program, though other surveillance activities can make contributions to assessing HPV vaccine efficacy, including information from organized screening programs and phase IV studies. Importantly, loss of screening performance may occur because of the expected reduction in cervical abnormalities in vaccinated populations. In this scenario, HPV testing has the potential to perform better as a primary screening test, followed by cytology for triage of HPV-positive cases (Franco et al. 2006) .
